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Environmental performance of alternative packaging options for a given product application increasingly comes into 
awareness, both at the end consumer level as well as in the field of business-to-business communication. The purpose of the 
study presented here is to examine the environmental performance of a multilayer pouch for packing of enteral nutrition 
products. To achieve this, a life cycle assessment has been conducted. As an attributional full cradle-to-grave life cycle 
assessment it compares environmental impacts of a comparable lighter multilayer pouch vs. two different comparable heavier 
high-density polyethylene bottles (covering the weight range of high-density polyethylene bottles on global markets for enteral 
nutrition products) in two different sizes (500 mL and 1000 mL). All life cycle steps are taken into account: from the extraction 
and production of packaging raw materials over converting and filling processes to all transports as well as recycling and/or 
final waste disposal (landfill and/or incineration) of the packaging materials after their use. The functional unit of this study 
is the packaging required to deliver 1000 liters enteral nutrition product to the customer at the hospital. The study aims to 
cover various markets: Europe, Latin America and Australia. To depict the different markets, a cluster approach was chosen. 
The clusters are based on two criteria: geography of target markets, which determines the distribution (truck and/or ship) and 
transportation distances; as well as the end-of-life final waste treatment routes – either landfill or incineration. An essential 
difference between the two product types (multilayer pouch and high-density polyethylene bottle) is the mechanical recycling 
option for the high-density polyethylene bottle, which is currently not applicable for the multilayer pouch at a commercialized 
level. The results of the study show that the multilayer pouch packaging system is favorable from an environmental point 
of view versus alternative high-density polyethylene bottle systems in the field of enteral nutrition products. The ecologic 
advantage of the multilayer pouch system is based on the reduced initial material use compared to high-density polyethylene 
bottles requiring a higher polymer amount in production. This applies to both sizes and all geographic clusters taking into 
account the mechanical recyclability of the high-density polyethylene bottles.
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1 INTRODUCTION
Over the last years, packaging waste has increased 
(e.g. 17 % from 2010 to 2017 in Germany) and thereby 
its environmental relevance [UBA 2019]. Therefore, it 
is getting more and more important to look at the envi-
ronmental performance of packaging. Looking at data 
for packaging consumption, the consumption of plastic 
packaging has increased by over 70 % from 2000 until 
today in Germany [UBA 2019]. Furthermore, also at 
the European level environmental sustainability issues 
related to plastic packaging gain importance, as can be 
seen e.g. by the development of the European plastic 
strategy [European Commission 2018]. Although they 
might not be the first to come to mind, hospitals con-
tribute to a considerable part to overall packaging 
waste [REMONDIS 2017]. For example, in Germany 
for one hospital patient six kilogram waste are gener-
ated on average [Berufsgenossenschaft für Gesund-
heitsdienst und Wohlfahrtspflege 2019]. Additionally, 
worldwide expenditures in the healthcare sector are 
growing [World Health Organization 2020; Leiden et 
al. 2020] with for example 19,808,687 patients being 
released from hospital in Germany within the year 
2018 [Statistisches Bundesamt 2020], which would 
lead to 118,852,122 kg waste in total taking the figure 
mentioned above into account. Nevertheless, to the best 
knowledge to the authors, life cycle assessment (LCA) 
studies in the healthcare packaging sector are relatively 
rare [Ali et al. 2016].
Apart from the public awareness, environmen-
tal sustainability has also gained importance in very 
specific business-to-business markets including but 
not limited to healthcare. One example is the rel-
evance of sustainability criteria in procurement for 
hospitals, e.g. regarding enteral nutrition products. 
With a market size of € 9 billion, clinical nutrition 
products are not insignificant for packaging waste 
from the healthcare sector [Fresenius 2019]. Due to the 
non-recyclability of multilayer pouches at a commer-
cial level, the general perception of these packaging 
systems is often negative regarding the environmen-
tal performance. Therefore, a life cycle assessment 
was conducted to examine the environmental perfor-
mance of a multilayer pouch packaging system for 
enteral nutrition products (tube feed formulas ) and 
two high-density polyethylene (HDPE) bottle packag-
ing systems for the same indication. The named con-
tainer types are currently used as common packag-
ing systems for enteral nutrition products on different 
continents. The LCA was carried out by ifeu Heidel-
berg and commissioned by Fresenius Kabi.
Furthermore, composite packaging increasingly 
gains public attention regarding its environmental sus-
tainability along with current aims towards a circular 
economy. An indication here is the setting of mechani-
cal recycling targets for polymer packaging as a result 
of the development of the European plastics strategy 
[European Commission 2018].Before this background, 
the main objective of this study was to provide insights 
into the environmental performance of multilayer 
pouch and HDPE bottle packaging systems for enteral 
nutrition products. Fresenius Kabi currently globally 
uses such multi-layer pouches for packaging their 
products, whereas HDPE bottles are also a common 
packaging type for such tube feeds on a global level.
2 METHODOLOGY
The LCA in this study is designed as an attri-
butional “cradle-to-grave” LCA and includes the 
extraction and production of packaging raw mate-
rials, converting and filling processes, all trans-
ports as well as recycling and/or final waste 
disposal (landfill and/or incineration) of the pack-
aging materials after their use. Attributional LCA 
methodology is selected as clearly the study aims 
to examine and compare environmental impacts of 
the two examined packaging product types that are 
common for enteral nutrition products. The LCA 
is based on the ISO 14040/14044 principles [ISO 
14040 2006; ISO 14044 2006].
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2.1 Functional unit 
The LCA in this study is designed as an attri-
butional “cradle-to-grave” LCA and includes the 
extraction and production of packaging raw mate-
rials, converting and filling processes, all trans-
ports as well as recycling and/or final waste 
disposal (landfill and/or incineration) of the pack-
aging materials after their use. Attributional LCA 
methodology is selected as clearly the study aims 
to examine and compare environmental impacts of 
the two examined packaging product types that are 
common for enteral nutrition products. The LCA 
is based on the ISO 14040/14044 principles [ISO 
14040 2006; ISO 14044 2006].
2.2 System boundaries
The study is designed as a ‘cradle-to-grave’ 
LCA, in other words it includes the extraction and 
production of raw materials, converting processes, 
filling processes, all transports and the final disposal 
or recycling of the packaging system. Mechanical 
recycling (only applicable for HDPE bottles) is cal-
culated as open loop recycling, because currently 
commercially available HDPE mechanical recy-
cling processes are lacking certification according 
to standards for food-grade recyclate quality. Figure 
1 illustrates the system boundaries of the multilayer 
pouch and the HDPE bottles..
Figure 1: System boundaries of multilayer pouch and HDPE bottles
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2.3 Geographical and temporal reference
The study is based on a cluster geographical 
approach. Europe and relevant oversea export to Latin 
America and Australia are considered. 
The European cluster includes both Germany as 
well as European export countries, because distribu-
tion takes place predominantly by truck. Regarding 
the end-of-life phase, most relevant European countries 
are clustered by the predominant treatment method for 
residual waste fractions – either landfill or incineration. 
The cluster approach is based on the weighted average 
for Germany and the European export countries. This 
means that a weighted average of distribution distances 
(720 km for the European cluster) was formed based on 
the sales for the different countries to better depict the 
product distribution. 
Countries where statistical data on end-of-life routes 
based on Eurostat indicates ~100 % incineration are: 
Germany, Austria, the Netherlands, Sweden, Belgium, 
Switzerland, Denmark, Norway and Finland. In France, 
incineration is the predominant route, so France is also 
assigned to the incineration cluster. Countries where 
landfill is the predominant practice are the UK, Spain 
and Poland. In Italy, the ratio between the two practices 
is 50:50 [Eurostat 2016].
For the most relevant overseas countries (Brazil, 
Argentina, Chile and Australia), distribution is a com-
bination of sea container transport and truck. None of 
those countries have relevant incineration infrastructure, 
thus landfill is the treatment method of residual waste 
for the Latin American and Australian export country 
cluster.  For the Latin American cluster the distance for 
the transport by ship is 10000 km and for the Australian 
market 20600 km. The distances are calculated with the 
tool from EcoTransIT World [EcoTransIT World 2019].
Time reference of the study is the year 2018 or as 
close as possible to that time period regarding data 
availability.
Table 1: Environmental indicators and method references
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2.4 Allocation
The study was laid out as an attributional cra-
dle-to-grave LCA study. Correspondingly, a dis-
tinction is made between process-related and sys-
tem-related allocation.
Regarding the system-related allocation, the 
50:50 allocation methodology was applied. This 
method has been used in numerous LCAs carried 
out by ifeu and is the standard approach applied in 
the packaging LCAs commissioned by the German 
Environment Agency (UBA) [UBA 2000].
For the process-related allocation, economic 
allocation was applied as a general approach. 
2.5 Environmental indicators/
environmental impact assessment
In the present study, midpoint impact catego-
ries are applied. The seven environmental indica-
tors shown in Table 1 are taken into account in the 
present study.
A further indicator, ozone depletion potential, 
is also taken into account. Due to inventory data 
symmetry issues regarding emissions specifically 
relevant for ozone depletion potential, the indica-
tor is not part of the base scenario results. Results 
including the further indicator are found in the sup-
plementary material/appendix. 
2.6 End of life routes
The end of life settings depend on the product. 
The multilayer pouches as a composite packaging 
type are expected to completely end up on a waste-
for-disposal route. HDPE bottles on the other hand 
are expected to partly end up in a material recycling 
route, whereas the remaining non-recycled share is 
expected to end up on the waste-for-disposal route as 
well. The material recycling is assumed to be an open-
loop material recycling route, as for the time being 
no food HDPE bottle with post-consumer recycled 
content exists, as commercially existing HDPE recy-
cling processes are lacking a food-grade certification.
For the waste-for-disposal route either landfill or 
incineration with energy recovery is assumed. Both 
scenarios are calculated for the European cluster, as 
both options exist within the examined European 
markets. For the oversea export markets only the 
landfill option was taken into account because in 
Latin America as well as in Australia landfill is the 
predominant end-of-life route. [Ministerio del Medio 
Ambiente Gobierno de Chile 2018; Devincenzi 2018; 
Pickin et al. 2018] Both packaging types are expected 
and thus assumed to end up equally in the country-
specific recovery route. The only difference is the 
mechanical recycling option for HDPE bottles as 
described in section 3.3.
Methodology regarding impact assessment of 
marine littering as part of life cycle assessments is 
currently in a development phase (and consensus 
building on agreed methodology still needs to be 
carried out within the LCA community). Hence, this 
aspect has not been taken into account for the com-
parative LCA. In general, both packaging types are 
polymer-based and thus may eventually contribute to 
marine littering.
2.7 Data collection
Key focus areas for data collection are the 
packaging specifications as well as recycling rates 
for HDPE bottles, as those are expected to be 
key parameters due to their influence on overall 
material mass flows. Primary data was collected 
in those fields as part of the present LCA study. 
Primary data collection was either carried out by 
measurement (e.g. weights of components of multi-
layer pouch and HDPE bottle weights), or is gener-
ated based on data obtained from hospitals directly, 
where necessary combined with further (published) 
data sources. The latter approach is used for deter-
mination of recycling quotas of hospital plastic 
packaging waste.
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Presenius Kabi provided data for the primary 
packaging specifications for both the multilayer 
pouch system as well as HDPE bottles1 currently on 
the market. Examined HDPE bottles cover the weight 
range found on markets on different continents [Fre-
senius Kabi 2019]. For multilayer pouch systems, also 
data on secondary and tertiary packaging was provided 
by Fresenius Kabi, along with information on transport 
packaging for HDPE bottle systems. Both the HDPE 
bottles and their respective closures show higher 
weights (up to 350%) than the multilayer pouch system. 
The following Table 2 shows the weights of all package 
components as they are used in the present study. The 
HDPE bottles contain a barrier layer (barrier material: 
ethylene vinyl alcohol (EVOH)) which was excluded 
from the calculation due to missing data regarding 
EVOH share in HDPE bottles. If it were included the 
results for the HDPE bottle would become even higher, 
thus by leaving it out a conservative approach in favor 
of the HDPE bottle was chosen.
3.2 Foreground and background processes 
Further, distribution data (distance and means of 
transport) related to the multilayer pouch system and 
the respective target markets were provided by Fre-
senius Kabi. Corresponding settings are assumed for 
HDPE bottle systems examined. Data gaps remaining 
after the primary data collection process are comple-
mented based on the ifeu-internal database (e.g. con-
verting, filling processes, missing data on packaging 
specifications). In addition, also generic data published 
by industry associations such as Plastics Europe (in this 
study for datasets for HDPE, PP and PET), [FEFCO 
2015] or [EcoTransIT World 2016] were used as well 
as the ecoinvent database. The country specific elec-
tricity mixes were obtained from a master network for 
grid power modelling and annually updated at ifeu as 
described in [ifeu 2016]. It is based on national electric-
ity mix data by the International Energy Agency (IEA) 
. Umberto® was used as modelling software. Due to a 
lack of primary data, e.g. for the filling process, values 
were based on generic data. The filling process was 
calculated the same for all product systems. The impact 
of aseptic filling versus autoclave treatment plays only 
a minor role and therefore has not been taken into con-
sideration in this study.
3.3 Recycling rates of HDPE bottles
A key characteristic of HDPE bottle systems 
versus the multilayer pouch system is the mechanical 
recycling option. To find out about the specific recy-
cling rate for packaging waste (specifically for rigid 
HDPE bottles) from enteral nutrition products in hos-
pitals, primary data were collected in the present study 
from several German hospitals as well as recycling 
companies. For that purpose, interviews with hospital 
employees in Germany as well as with disposal com-
panies or recollection systems that are active on the 
German packaging waste market are conducted in 
order to collect primary data. The results of these inter-
views together with reference rates for recycling in 
hospitals lead to the rate used in this study. For a more 
detailed description of the process, see the supplemen-
tary material/appendix. Data collected led to an esti-
mated recycling rate of 15 %. The 15% recycling rate 
was used in the present study as the basic setting.
1     Samples of HDPE bottles 500 mL and 1000mL globally present on the market for enteral nutrition products were 
weighted and their minimum and maximum weights were identified. 
2     Lack of data for the transport packaging and pallet configuration: the exact pallet configuration and weight of 
stretch foil per pallet for the competing products is not known, therefore assumptions were made. Those assumptions 
can be regarded to be conservative regarding the multilayer pouch system.
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4 RESULTS
4.1 Climate change impacts
Figure 2 illustrates overall climate change 
impacts related to the multilayer pouch system 
(shown as green bars) for the European cluster. 
Orange bars indicate the range of climate change 
impacts as found for the lighter and heavier weight 
HDPE bottles as present on the market, with the 
3     http://www.iea.org/statistics/
Table 2: Packaging specifications of the examined product systems 2
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lower end of the orange bar representing the lighter 
bottle A. From this, it is clear that the multilayer 
pouch system is associated with lower greenhouse 
gas emissions than HDPE bottles for enteral nutri-
tion, both for 500 mL as well as 1000 mL packages. 
It applies also both for European countries where 
landfill disposal routes are predominant as well 
as for countries where considerable share or up to 
100% of residual waste ends up in an incineration 
plant. In addition, Figure 3 shows the results for the 
export countries, Latin America and Australia.
For example, in the landfill scenario for the 500 
mL packages the result for the multilayer pouch is 
237 kg CO2e/1000 L nutrition product. The results 
Figure 2: Climate change result multilayer pouch vs. HDPE Bottle (recycling rate 15%), European cluster 
(500 mL and 1000 mL packages)
Figure 3: Climate change result multilayer pouch vs. HDPE Bottle (recycling rate 15%), export coun-
tries (500 mL and 1000 mL packages)
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for the HDPE bottle in the same scenario vary 
between 295 kg CO2e/1000 L (for the lighter bottle) 
and 351 kg CO2e/1000 L nutrition product (for the 
heavier bottle).
4.2 Further environmental impacts
In the following, the results for all examined 
indicators are shown. The results are presented in 
individual tables for each geographic cluster and 
bottle size. Table 3-A represents the results for the 
European cluster with landfill for the bottle size 
of 500 mL. In Table 3-G the results for Australia, 
landfill, 1000 mL are presented. Units for the envi-
ronmental indicators are:
Climate Change: t CO2 equivalents / 1000 L
Aquatic Eutrophication: kg PO4 equivalents / 
1000 L
Terrestrial Eutrophication: kg PO4 equivalents / 
1000 L
Acidification: kg SOx equivalents / 1000 L
Photochemical Oxidants Formation: kg O3 
equivalents / 1000 L
Particulate Matter: kg PM2.5 equivalents / 1000 L
CED (non-renewable): GJ / 1000 L
5 DISCUSSION
5.1 Comparative result pattern for all 
indicators
When looking at the overall environmental per-
formance, thus taking into account the full set of 
environmental indicators (see Figure 4 to Figure 10), 
it becomes apparent that the heavier HDPE bottle is 
the packaging system associated with the highest 
environmental impacts. The figure format sets each 
highest indicator result to 100%, thus illustrates 
the indicator results of other examined packaging 
systems (multilayer pouch and the lighter HDPE 
bottle A) relative to that reference system. Although 
the differences expressed as percentages vary by 
indicator, the common pattern over all indicators is 
that the multilayer pouch system (green bar) is asso-
ciated with lower environmental impacts than both 
HDPE bottle systems. This corresponds to a favor-
able performance of the multilayer pouch for enteral 
nutrition from an environmental point of view.
The observed comparative result pattern 
applies to both examined packaging sizes (500 mL 
and 1000 mL), as well as all geographic clusters 
(Europe, Latin America, Australia).
 
Table 3-A: Results for all indicators Europe, landfill, 500 mL
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Table 3-B: Results for all indicators Europe, incineration, 500 mL
Table 3-C: Results for all indicators Latin America, landfill, 500 mL
Table 3-D: Results for all indicators Europe, landfill, 1000 mL
 Journal of Applied Packaging Research           11 
Table 3-E: Results for all indicators Europe, incineration, 1000 mL
Table 3-F: Results for all indicators Latin America, landfill, 1000 mL
Table 3-G: Results for all indicators Australia, landfill, 1000 mL
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5.2 Sectoral results for climate change: Key 
drivers of environmental impacts
Figure 11 shows the sectoral results for the 
category climate change (European cluster, pack-
aging size 500 mL). The sectoral results depict the 
individual life cycle elements in the two stacked 
columns. Each color represents a life cycle step from 
the polymer or film, packaging as well as closure 
production, throughout the filling, the transport 
packaging and the distribution to the recycling and 
disposal of the empty packages. The product system 
also receives credits for carbon storage (which is the 
paper-related uptake of CO2 from the atmosphere 
in wood during tree growth), energy and material. 
The credits are illustrated as negative results in the 
graph. These credits are subtracted from the sum of 
the other life cycle steps leading to the net result, 
represented by the grey bar. The grey bar represents 
the net indicator result, which forms the basis for 
comparison between examined systems.
The results show that the landfill scenario has 
lower greenhouse gas emissions than the incinera-
tion scenario. A look at the graph reveals that only 
the greenhouse gas emissions of the step ‘recycling 
and disposal’ increase, this is due to the released 
CO2 from combustion of carbon in the incinera-
tion process. On the negative part of the axis, also 
the credit energy increase however, the net results 
increase compared to landfill. The grey bars are 
the net results, which represent the overall figure 
including the environmental burdens and credits. 
The chart further reveals that the results for climate 
change for the multilayer pouch system are in both 
cases clearly lower than the ones for the HDPE 
bottles.
The results for the other clusters and packaging 
sizes can be found in the supplementary material/
appendix. For the oversea export markets the dis-
tribution phase is of more significance due to the 
longer transport distances. Overall, the basic state-
ment remains over all packaging sizes and geo-
graphic clusters
5.3 Further results and sensitivity analysis
Besides base scenario results for selected 
European and Latin American clusters presented 
in the previous sections, further results for other 
clusters (with other geographic reference / end-of-
life route) have been calculated. 
For the 500 mL packaging systems the 
Figure 4: LCA Results of multilayer pouch versus HDPE bottles (15% RQ) Europe, 500 mL, incineration
 Journal of Applied Packaging Research           13 
Figure 5: LCA Results of multilayer pouch versus HDPE bottles (15% RQ) Europe, 500 mL, landfill
Figure 6: LCA Results of multilayer pouch versus HDPE bottles (15% RQ) Latin America, 500 mL, landfill
Figure 7: LCA Results of multilayer pouch versus HDPE bottles (15% RQ) Europe, 1000 mL, incineration
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Figure 8: LCA Results of multilayer pouch versus HDPE bottles (15% RQ) Europe, 1000 mL, landfil
Figure 10: LCA Results of multilayer pouch versus HDPE bottles (15% RQ) Australia, 1000 mL, landfill
Figure 9: Results of multilayer pouch versus HDPE bottles (15% RQ) Latin America, 1000 mL, landfill
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European cluster and the one for Latin America 
were examined. For the 1000 mL packaging 
systems, Australia was added as an additional 
cluster, as in this case 1000 mL is the predomi-
nant size on the market. Hence, the 1000 mL pack-
aging systems were examined for all three geo-
graphic clusters (Europe, Latin America and Aus-
tralia). Regarding the end-of-life route, the landfill 
scenario was calculated for all clusters, because it 
applies to all clusters. For the European cluster an 
incineration scenario was calculated in addition 
because that practice is common in many European 
countries. Seven clusters were examined in total. In 
all clusters examined, the multilayer pouch is asso-
ciated with overall lower environmental impacts 
than both HDPE bottles. Related results for Europe, 
Latin America and Australia are found in the sup-
plementary material/appendix.
The results shown in the previous sections 
assumed a recycling rate of 15 % for used HDPE 
bottles as the basic setting. This 15% recycling 
rate for HDPE bottle packaging waste in hospitals 
is considerably lower than the average European 
plastic waste recycling rate of 30 % [European Par-
liament 2018]. Although the very specific situation 
in hospitals means the household recycling rate 
cannot be applied, a sensitivity analysis was nev-
ertheless undertaken using a recycling rate of 30%, 
reflecting activities observed also in the hospital 
setting expected to increase plastic packaging recy-
cling rates in the future. 
The sensitivity analysis was done for the smaller 
packaging size (500 mL) in the European cluster. As 
a result of the increased recycling rate the observed 
environmental impacts for recycling and disposal 
life cycle steps increase for the HDPE bottles. At 
the same time the credits for energy and material 
increase even more, which lead to an overall lower 
net result (which is e.g. better in respect to climate 
change). Compared to the results with a recycling 
rate of 15 %, the net results decrease by 2 % for 
both bottle types in both, incineration and landfill 
clusters. However, the multilayer pouch still shows 
a considerably lower (and thus favorable) result 
Figure 11: Sectoral results climate change, 500 mL, Europe
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compared to both HDPE bottles. The sensitivity 
analysis shows that the results are stable also with a 
higher recycling rate for the HDPE bottles. Related 
results are found in the supplementary material/
appendix.
In addition to the sensitivity analysis for the 
recycling rate, an additional environmental indica-
tor has been calculated: stratospheric ozone deple-
tion. This indicator was excluded from the main 
analysis (and the result presentation in the result 
section of this article) because of considerable limi-
tations regarding underlying inventory data quality 
for air emissions specifically contributing to strato-
spheric ozone depletion. The authors of this study 
see too large limitations in underlying data quality 
in order to derive comparative statements between 
HDPE-based and PET-based (the multilayer pouch) 
packaging systems. The full picture including the 
stratospheric ozone depletion results can neverthe-
less be seen in the supplementary material for trans-
parency reasons. Although the multilayer pouch 
shows higher results in this indicator (caused by one 
specific air emission strongly contributing to strato-
spheric ozone depletion), it is necessary to keep in 
mind at this point that even if one does consider the 
stratospheric ozone depletion indicator for compar-
ative results, the overall finding of favorable envi-
ronmental impacts for the multilayer pouch system 
versus the HDPE bottle system would remain stable 
in any case.
6 CONCLUSION AND OUTLOOK
This Life Cycle Assessment compared a mul-
tilayer pouch with two HDPE bottles (light and 
heavy) on the market for enteral nutrition products 
in Europe, Latin America and Australia. The results 
show that the comparable lighter multilayer pouch is 
associated with overall lower environmental impacts 
than the heavier HDPE bottles on the market with 
a 15% mechanical recycling quota. This means that 
the multilayer pouch packaging system is favorable 
from an environmental point of view versus alter-
native HDPE bottle systems in the field of enteral 
nutrition products. The study thus reveals that a non-
recyclable, lightweight flexible container for packing 
of enteral nutrition products can perform better 
(thus have lower potential environmental impacts) 
compared to heavier recyclable rigid containers for 
packing of enteral nutrition products.
This observed comparative result pattern 
between multilayer pouch and HDPE bottles applies 
to both examined packaging sizes (500 mL and 1000 
mL), as well as all geographic clusters examined 
(Europe, Latin America, Australia). The percent-
age difference of the potential environmental impact 
of both packaging types varies across packaging 
sizes and clusters, but the comparative result pattern 
(multilayer pouch lower environmental impact than 
HDPE bottles) remains the same, even if longer dis-
tribution distances become relevant. Those findings 
are also valid for the additional clusters and fur-
thermore remain stable against several sensitivity 
analyses (e.g. with 30% recycling quota) carried out, 
results of which are shown in the supplementary 
material/appendix. 
In the following, an outlook for future research 
and further discussion is given. A key issue for 
future discussion is how both packaging types are 
suitable for circular economy. Especially in the field 
of clinical nutrition products high hygiene stan-
dards are essential which impedes circular economy. 
Nonetheless, further R&D activities are needed 
to develop packaging that corresponds to circular 
economy criteria. Nevertheless, the above presented 
LCA findings shall be reviewed once innovative 
technologies enabling circularity of examined pack-
aging components for such clinical applications are 
starting to become commercially available on the 
market. Besides the ability to be a part of circular 
economy it is also important to ensure to keep the 
material in its (closed) loop. Therefore specific 
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regulations might be necessary in order to assure 
high recovery rates and suitable recovery pathways 
of used packaging materials.
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SUPPLEMENTARY MATERIAL APPENDIX 
A Interviews to determine the recycling rate for HDPE bottles
As public data related to recycling rates of HDPE bottle packaging waste from enteral nutrition 
products in hospitals are missing, an expert estimation procedure is carried out within the screen-
ing LCA study.
For that purpose, interviews with hospital employees in Germany as well as with disposal com-
panies or recollection systems that are active on the German packaging waste market are con-
ducted in order to collect primary data.
With each group, four interviews are carried out. The results of the interviews with the disposal 
companies can be summed up with following facts: 
•	 the recycling rate for the lightweight packaging fraction is relatively high in the hospital sector 
compared to households 
•	 the rate refers to the market quantity of packages; 30 % of all hospitals dispose their packaging 
waste through industry solutions
•	 the disposal companies named 40 % and 68 % as rates for material recycling with regard to the 
quantity delivered (only for industry solutions)
•	 the quality of the plastic fraction is above average for industry solutions
•	 in hospitals where the lightweight packages are processed through the dual system, the re-
cycling rate is much lower (less than 30 %). There the material recycling is difficult because 
packages from the infirmaries are collected together with those from the cafeteria, which low-
ers the quality.
•	 Furthermore, sources for packaging waste from the infirmaries are: 
o bottles and canisters for detergents
o bottles and canisters for hand cleaning agents
o bottles and canisters for hand sanitizers
o infusion bottles for saline solutions, glucose, etc.
o packaging foils for medical need
o medical packaging; drinking cups
o non-packaging of similar material
o Packaging for tube feeding or liquid food were only named after explicit inquiry
The interviews with the hospital employees revealed other insights that are summed up in the fol-
lowing. The interviewees stated that there are bins for residual waste but none for recyclable mate-
rials in the patient rooms. The bins for reusable materials are usually where medicine is stored and 
infusions are prepared. The packages are usually collected before the administration of the medi-
cations or products and a separate collection does not happen in the patient rooms but in an extra 
room. Since there is typically no separate collection for recyclable materials in the patient rooms, 
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empty packages like infusion bottles or bottles for tube feeding are disposed with the residual waste 
on all internal stations. The intensive care unit is an exception, it has bins for reusable materials 
in the patient rooms. As a result, it can be assumed that if 10 % of all patients who receive tube 
feeding are on intensive care, only 10 % of all packages for tube feeding are collected separately. 
Consequently, 90 % are disposed through the residual waste. Another exception are the ‘isolation 
rooms’. Waste that comes from them has to be disposed separately and cannot be recycled. 
Beyond that, the hospital employees added some other remarks, like that there is a low ‘problem 
awareness’ regarding waste sorting. However a quality management for waste disposal exists, 
it is usually covered through hygiene management. The interviewees also stated that the HDPE 
bottle market for tube feeding is insignificant compared to the market for infusion bottles, a dis-
posal concept for HDPE infusion bottles could be very helpful for hospitals. 
Table 1 shows reference rates for the recycling of plastic packaging from hospitals and an es-
timated mean value. The statements regarding the connection rate of the hospitals to industry 
solutions overestimate its relevance. Therefore, the estimated material recycling rate is based on 
the relevance of the system with regard to the market volume. Based on this calculation, the re-
cycling rate for all plastic packaging types through all stations is 28 %.
Supplementary table 1: Overview reference rates in hospitals and estimated mean value
Due to the following reasons, the recycling rate for HDPE bottles for enteral nutrition is signifi-
cantly lower.
•	 The bottles are emptied in the patient rooms
•	 The hospital stuff does not have time to bring the bottles to the recycling stations
•	 The bottles are not completely emptied
Life Cycle Assessment of Packaging Systems for Enteral Nutrition Products...
•	 The bottles are only a marginal part of the total amount of plastic waste
•	 The bottles usually occur occasionally
Taking into consideration all the available data, the estimated recycling rate for HDPE bottles is 
estimated to 15 %, with a range of 10 % to 18 %. This recycling rate is assumed for the HDPE 
bottle system under study.
B Additional result figures
Additional result figures: sectoral result figures for all packaging sizes and geographic clusters 
for the indicator climate change, one sectoral result figure for acidification, sensitivity analysis 
sectoral results for 500mL packages climate change, result figures for all examined packaging 
sizes and geographic clusters including ozone depletion potential
Sectoral result figures climate change:
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Sectoral result figure acidification:
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Sensitivity analysis: 30 % recycling rate for HDPE bottles:
All results including additional indicator ozone depletion potential:
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